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ABSTRACT

From July 21 to September 13, 1997, we operated a weir below the outlet of Larson Lake, a
major producer of sockeye salmon Oncorhynchus nerka in the Susitna River. Daily counts of the
sockeye escapement resulted in a total census of 40,282, with an estimated 55.7% (22,433)
females and 44.3% (17,844) males. The mean mid-eye to tail fork length (MEF) was 493 mm (=
0.7 mm) for females and 530 mm (+ 1.1 mm) for males. The escapement was dominated by age
1.2 (53.5%) and age 1.3 (36.1%) fish. The 1997 escapement was slightly higher than
escapements observed in the mid 1980s, which ranged from 16,753-37,874. The ratio of Larson
Lake to Yentna River (sonar-derived) escapements has remained fairly constant, suggesting that
the sonar estimates can be used to index sockeye salmon escapements in the Susitna River. We
also conducted a mark-recapture (M-R) experiment to assess assumptions involved in recovering
tagged sockeye salmon from their spawning grounds. A constant proportion of the escapement
(9.1%) was marked with spaghetti tags at the weir and 25% of these fish received a secondary
jaw tag. Secondary tagging also included 250 fish fitted with a plastic-tipped dart tag. Tag
recovery was conducted by beach seining the spawning grounds of Larson Lake over eight 5-day
periods in six areas. Of the total sockeye escapement (40,282), 8,170 (4,429 females and 3,741
males) were caught in the spawning grounds, a capture efficiency of 20.3%. Sex composition of
recaptured and untagged fish captured in the spawning grounds did not differ from the weir
estimate (P > 0.10). However, MEF distributions of both sexes differed significantly between
the weir and recovery samples (K-S test; P <0.01), indicating that size selectivity occurred in the
spawning ground surveys. Smaller fish were captured in the spawning grounds and the
difference was more pronounced in males than females. Dual tagging experiments indicated that
males lost 21% of their spaghetti tags while females lost none of their spaghetti tags. M-R
estimates of the tagged proportion and capture efficiency were generally lower than the
weir-derived estimates (£ < 0.05), which resulted in an over-estimate of the escapement. For
example, the M-R estimate based on all tagged fish was 56,315, which is 40% higher than the
weir count. M-R estimates using dual tagged fish often increased the bias, indicating that
secondary tagging affects catchability. However, after correcting for tag loss of fish without
secondary tags, the M-R estimate of male escapement (18,613) was only 4.3% higher than the
weir estimate. Because females had no missing spaghetti tags, the M-R estimate of 29,437
females was still 31% higher than the weir estimate. The combination of tag loss and tagging
effects on catchability, which differed between males and females, resulted in a M-R escapement
estimate that was biased high. Therefore, the type and niethod of primary and secondary tagging
may be critical to the success of M-R studies if recovery sampling is conducted in spawning
grounds. Our preliminary experience with dart tags suggests that they are retained as well as
spaghetti tags, require minimal handling to attach, and have little affect on recapture probability.
Size selectivity in the spawning ground survey indicates that stratified sampling should be used.
When designing a M-R study, other types of recovery sampling should be considered, such as
fishwheels or weirs.



INTRODUCTION

Management of the mixed-stock fishery in Upper Cook Inlet, Alaska (Figure 1) relies on riverine
sonar to estimate adult salmon escapements in three major watersheds: the Kasilof, Kenai. and
Yentna Rivers (Ruesch and Fox 1997). The primary objective of the Yenta River sonar program,
which has been conducted since 1981 (Davis and King 1997), is to estimate sockeye salmon
Oncorhynchus nerka escapements as stipulated by the Alaska Board of Fisheries. These data are
used to index escapement trends in the whole Susitna River drainage. Data collected during the
Susitna Hydrological (Su-Hydro) feasibility studies in the 1980s indicated that sockeye salmon
escapement in the Yentna River represents a fairly constant proportion of the escapement in the
Susitna River drainage (Pers. Comm., Ken Tarbox, Alaska Department of Fish and Game. oral
report to the Alaska Board of Fisheries Committee, February 1998). However, a recently
submitted state senate bill (SB 40) proposed that the Alaska Department of Fish and Game
(ADFGQG) enter into discrete stock management as opposed to mixed-stock management of Upper
Cook Inlet commercial fisheries. To achieve this goal, both stock and sub-stock specific
escapements within Upper Cook Inlet would require evaluation.

The Susitna River watershed, which originates in the mountains of the Alaska Range about 145
km south of Fairbanks, comprises approximately 49,200 km?. It flows southwesterly for about
400 km before entering Upper Cook Inlet west of Anchorage (Figures 1 and 2). The three largest
tributaries of the Susitna drainage are the Yentna, Chulitna, and Talkeetna Rivers. Larson Lake
(62°20'N; 149°53'W), at the head of Larson Creek (Figure 2), is considered the largest producer
of sockeye salmon in the Talkeetna drainage. Weir counts of escapements in the mid-1980s
ranged from 16,753 to 37,874 (Marcuson 1984, 1985, 1987, 1988). An estimated 520,270 fry
reared in the lake in 1994 (King and Walker 1997).

This project was designed to enumerate the escapement of sockeye salmon into Larson Lake in
1997 by counting the number of fish passing a weir placed in Larson Creek. In addition, we
compared Larson Lake escapements with Yentna River sonar estimates using the 1997 data and
data collected in the mid-1980s. This analysis was conducted to help evaluate the Yentna River
sonar estimate as an indicator of discrete stock escapements as well as an index of the total
sockeye escapement in the Susitna River.

This project was also designed to assess the efficacy of using mark-recapture (M-R) techniques
to estimate sockeye salmon abundance. A M-R experiment was conducted by tagging a portion
of the escapement at the weir and recovering tagged fish in spawning grounds around the
perimeter of the lake. We evaluated M-R assumptions required for an unbiased abundance
estimate. Characteristics of fish captured in the spawning grounds were compared to fish
collected at the weir to assess sampling selectivity. To evaluate the assumption of no tagging
effects on catchability, we (1) compared the proportion of fish tagged at the weir with the
proportion of tagged fish recaptured in the recovery survey, and (2) compared the proportion of
the escapement sampled in the spawning grounds with the recapture rate of tagged fish. Dual
tagging methods were used to estimate tag loss. In addition, sampling was stratified temporally
and geographically to further assess the M-R methods. Finally, M-R population estimates were
compared with the weir count to quantify overall bias in the M-R technique.
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METHODS
Weir Operations

A weir was installed in Larson Creek on July 18, approximately 15 m downstream from the
Larson Lake outlet (Figure 3). The weir was very similar to one described in Anderson and
McDonald (1978) and consisted of two horizontal stringers fabricated from 7.62 cm (3-inch)
aluminum angle, drilled with 3.18 ecm (1% inch) holes on 6.35 cm (2'2 inch) centers. The
stringers were supported every 3 m with tripod frames constructed from heavy drill pipe — 5 cm
(2 inch) x 1.8 m — with two 2 m wooden support legs. Aluminum pickets — 1.13 cm (1% inch) x
1.5 m — were then fitted through the top and bottom stringers. The weir spanned the entire
distance of the stream, approximately 11 m. The maximum depth of the creek at the time of
installation was only 51 ¢cm and, although flow rates were not measured, stream velocity was
minimal. The streambed was composed primarily of strewn boulder which, combined with the
low flow rate of the creek, made for a very stable and fish-tight weir.

A small holding area (1.8 m x 2.4 m) was constructed in front of the weir using aluminum-
perforated plate. Pickets were removed from the weir to allow fish to pass either into the lake or
into the holding area, where sampling for age, length, and sex (ALS), and tagging took place.

Fish were passed and counted throughout the day and into the evening until darkness. If sport
fishermen or other people were observed around the weir, ADFG personnel remained on site to
prevent tampering. Climatic data, including air and water high and low temperatures, cloud
cover, wind direction, and approximate wind velocity were collected every 24 h.

ALS and Tagging

Every 10™ fish that passed through the weir was diverted into the holding area where it was
netted and identified by sex, measured mid-eye to tail fork length (MEF) to the nearest 5 mm,
and fitted with at least one external tag. Every hundredth fish (1% of escapement) also had
scales removed from the preferred area (Koo 1955) for age determination (Tobias et al. 1996).
Physiological aberrations such as net scars or gashes as well as state of ripeness were also
recorded.

All fish held for tagging received a 30.5 cm spaghetti tag (Floy® FT-4) fitted in its back near the
posterior dorsal fin terminus. A stainless steel applicator was used to pull the tag through the
flesh and tags were affixed using an overhand knot that was firmly cinched against the back of
the fish. All spaghetti tags were sequentially numbered. The tags were also color coded to aid
temporal stratification of the run. Tag color was changed after application of every 500" tag in
the order orange, yellow, pink, white, green, gray, and brown.

Three different combinations of secondary tags were used to assess spaghetti tag loss: (1) every
fourth spaghetti-tagged fish was fitted with a small, sequentially numbered metal jaw tag
(National Band and Tag Co.”, style 681), (2) the second color group of spaghetti tags (vellow)
were adipose fin-clipped, and (3) the first 250 fish of the third spaghetti tag color (pink) received
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a 12.5 cm sequentially-numbered dart tag (Hallprint® No. 2. plastic-tipped). Jaw tags, which
were the main secondary tag, were V-shaped and affixed with a specialized pair of pliers that
folded and locked the tab on one side through a hole in the other side. These tags were placed
either in the back corner of the mouth or on the lower jaw near the front of the mouth. The
plastic tipped dart tags were constructed from a cylindrical printed and numbered marker,
molded to a plastic barbed head. After insertion with a stainless steel applicator, the tag
remained embedded in the flesh. Dart tags were affixed approximately halfway between the
lateral line and the posterior terminus of the dorsal fin, just posterior to the spaghetti tag
mnsertion.

Initially weir leakage was estimated by releasing all tagged fish behind (downstream of) the weir
and then identifying each tag number as it passed back through the weir. However, this
procedure was abandoned after the first release group due to a few days of abnormally high
water temperatures which are believed to have caused fish to perish in the first 500 m below the
welr.

Tag Recovery

The perimeter of Larson Lake was divided into six geographical areas (Figure 3) that were
sampled on a 5-day rotation. A 50 m x 4 m seine was used to capture fish on their spawning
grounds. The seine was deployed from the bow of a 5 m (16 ft) skiff by stationing one person on
the beach and backing the boat in a semi-circle around the fish and back to the shoreline. Each
end of the seine was then “pursed” to the beach. The following data were recorded for each set
of the net: start/stop time, area sampled, number of untagged fish, number of tagged recaptures,
and the number of fish previously captured in the seine. The sex, MEF, and condition were
recorded for all first-time captures of untagged fish. Fish condition consisted of noting whether
it was (1) alive and not spawned out, (2) alive and spawned out, (3) dead and not spawned out, or
(4) dead and spawned out. First-time captures were all marked by hole punching (regular paper
punch) both the adipose fin as well as multiple punches in the caudal fin. All captured fish were
inspected for the presence of one of the three tags (spaghetti, jaw, or dart) as well as noting if the
adipose fin was missing. All tag numbers, colors, and types were recorded. Each captured fish
was also carefully examined for the presence of holes in either its adipose or caudal fin that
would identify it as previously captured, in which case it was counted but no measurements were
taken. Each area was sampled until less than 10 fish were captured per set. Spawning ground
surveys were terminated when capture rates of previously sampled fish exceeded 8§0% for three
consecutive sampling periods or when the number of tagged fish captured in one sampling period
from all areas was less than 30.

Data Analysis
Size and Composition
Adult sockeye salmon were sampled in proportion to the weir count — approximately every o™

fish for MEF and sex, and every 100" fish for age composition (scale samples). Therefore, we
assumed a simple random sample for estimating mean MEF and sex and age composition of the
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population. Mean MEF and the variance were estimated as follows for males and females and
the sexes combined:

—— H "/ .
MEF = 2. MEF, and (1)
By
" ( MEF - MEF)
v(MEF) = 2. MEF - MEF) , @)

nk(nk —1)

where 7 is the sample size of sockeye salmon collected at the weir and & indexes the group
(male, female, or both). Sex and age-class proportions were estimated as follows:

with variance estimate

V(‘%k):ijr(li__?k)[N;/njj, @

where ; indicates either age or sex composition, & indexes the gender or age-class being
estimated, n is the sample size, and &V is the size of the sockeye salmon population counted
through the weir.

Mark-Recapture Estimation

We used Chapman’s (1951) modification of the Peterson M-R method, as described by Seber
(1982), to estimate sockeye salmon escapement:

o (mrl)(m +1) )
N = 1) 1 &)

with variance estimate (Seber 1970)

o) = (rm + 1)((”;:;)1()'31('";"3()% -m) (6)

where N is the estimated abundance of adult sockeye salmon on the spawning grounds, m; is the
number of adults tagged at Larson Creek weir, n; is number of sockeye salmon inspected for tags
on the spawning grounds, and m; is the number of fish with tags collected on the spawning
grounds. In addition to estimating the population abundance using a single M-R experiment, we
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computed separate estimates for males and females and applied the method to various subsets of
the data (e.g., fish without secondary tags). We also defined the following:

P="% and (7
n,

E= n‘l2 ’ (8)
m

where 2, the proportion of tagged fish in the recovery survey, 1s the estimate of the proportion of
tagged fish in the sockeye population

p="1 )

The recapture rate, £, is the estimate of capture efficiency or proportion of the population
captured in the spawning grounds

n
E=-. 10
N (10)

These variables were used to help assess M-R assumptions.
Mark-Recapture Assessment

The following assumptions were necessary for an unbiased M-R estimate of the abundance of
adult sockeye salmon population passing the Larson Creek weir:

1. (a)all sockeye salmon have an equal probability of being tagged at the weir, or (b) all
sockeye salmon have an equal probability of being inspected for tags in the spawning
grounds, or (c) tagged fish mix completely with untagged fish between sampling events;
the population is closed, therefore the total escapement is constant;

all tags are reported on recovery in the second sample;

tags are not lost between sampling events; and

tagging does not affect the catchability of the fish.

"J| =N "uJ 3]

We believe that assumption 1a was satisfied because tagging was conducted in proportion to the
run and there was no indication that subgroups of the population were systematically missed. If
la is true, constant proportions of tagged fish would be expected among sampling areas and
periods, and between males and females. Chi-square tests (o = 0.03) were used to test these
hypotheses. However, these analyses do not necessarily preclude differential effects of tagging
among strata; therefore, the hypothesis of random tagging could not be explicitly tested. Given
that assumption la is true, assumptions 15 and 1¢ were not required for an unbiased abundance
estimate. However, to assess potential selectivity in the spawning ground survey we compared
sex composition and MEF distributions between the first (weir) and second (lake survey)



sampling events. Specifically, we compared (1) weir samples and untagged fish sampled in the
spawning grounds and (2) non-recovered tagged fish and recaptured (tagged) fish. Chi-square
tests were used to test the hypothesis of no difference in the proportion of males or females.
MEF cumulative distributions were compared using the Kolmogorov-Smimov (K-S) two-sample
test and means were compared using two-sample ¢-tests or analysis-of-variance (ANOVA).
Rejection of the hypotheses of no difference in length frequency distributions would indicate size
selectivity in the spawning ground survey.

Assumption 2 was satisfied because sockeye salmon entering Larson Lake had no other means of
doing so than by passing through the Larson Creek weir, which was intact and fish-tight
throughout the recruitment period. Field crews were instructed to carefully inspect all fish
caught in the recovery surveys for the presence of tags (assumption 3).

Tag loss (assumption 4) was evaluated using dual tagging methods as described by Seber (1982).
The proportion of lost spaghetti tags (the primary mark) was estimated as

po=— (11)

My + My

where PA is the estimated proportion of lost spaghetti tags, m; is the number of dual tagged fish
in the recovery sample with a secondary tag (usually a jaw tag) only, and m,5 is the number of
dual tagged fish in the recovery sample with both tags present. The number of recaptured fish
(dual tagged initially) was then estimated as

m, = (mA + mA,’.)(mB +m )/m,m ; (12)

where my 1s the number of dual tagged fish in the recovery sample with a spaghetti tag only. To
estimate /V after accounting for tag loss, /7, was substituted for m; in equation 5 and m; was
defined as number of dual tagged fish. Tag loss was estimated separately for males and females.
The above method was also applied to estimate loss of jaw and dart tags. A correction for tag
loss was also applied to fish fitted with primary (spaghetti) tags only:

. om -
mz—(l*ﬁf,) (13)

where 772, was used in equation 5 and m; was defined as the number of fish spaghetti tagged only.
This approach eliminated potential effects of the secondary tag on catchability while still
accounting for loss of the primary tag.

Tagging may cause increased mortality or modify fish behavior compared to unmarked fish
(assumption 5). If assumptions 14 are satisfied (or corrected for, as in the case of assumption 4)
and the proportion of tagged fish in the recovery sample differs from the proportion of fish
tagged at the weir (P), then the assumption of no tagging effects has been violated. We
computed 95% and 99% confidence intervals to test the null hypothesis of no difference in the



proportion of tags in the recovery sample and the known proportion of fish tagged at the weir. In
the case of male and female tagged proportions, which were estimated at the weir, 2-sample
t-tests were performed. A similar approach was used to assess the tag recovery rate, which
estimates the proportion of the population sampled in the spawning grounds (£). We also used a
chi-square test (o = 0.05) to test for consistency in the recapture rate of tagged fish by tagging
order (color group). Confidence intervals for the estimate of N, uncorrected and corrected for tag
loss, were also computed. These analyses were applied separately to males and females, all
tagged fish, dual tagged fish, and fish with spaghetti tags only.

RESULTS
The Weir

From July 21 to September 13, 40,282 adult sockeye salmon were counted through the Larson
Creek weir (Table 1). Daily and cumulative counts are shown in Figure 4. Spaghetti tags were
fitted on 3,663 fish (9.1%) — 2,040 females and 1,623 males. Of these, 919 (2.3%) — 503 females
and 416 males — were also jaw tagged; 500 (1.2%) — 233 females and 267 males — were adipose
fin clipped; and 250 (0.6%) — 126 females and 124 males — were dart tagged. Of the fish tagged.,
2,164 (5.4%) — 1224 females and 940 males — were fitted with only a spaghetti tag. Other
salmon species counted included 391 (141 through the weir, 250 behind the weir) coho salmon
Oncorhynchus kisutch and 3 chum salmon Oncorhynchus keta. The sex was determined and
MEF measured on 3,743 fish (9.3% of the escapement). An estimated 55.7% (22,435) of the
total weir count were females and 44.3% (17,844) were males (Table 2). Mean MEF was 493
mm for females and 530 mm for males (Table 2). Scales were read on a sample of 337 fish to
estimate age structure. The escapement was dominated by age 1.2 (53.5%) and age 1.3 (36.1%)
fish (Table 3).

From July 28-30 we recorded water temperatures in Larson Creek that were 26°C or higher,
which very likely led to the deaths of nearly 1,000 fish in a 500 m stretch below the weir.
Dissolved oxygen ranged from 8.1-8.7 mg/l, which is >99% saturation at 26°C (Koenings et al.
1987) and therefore did not appear limiting. Burrows (1963) reported that mortality rates of
sockeye salmon in the Fraser River were as high as 86% when water temperatures exceeded
22°C. We observed that fish milling in the warmer water below the weir appeared lethargic, but
increased their activity after swimming into the cooler lake water. Therefore, we removed
several large rocks from behind the weir to increase the depth, thus allowing fish to swim to the
weir and hold prior to passing through. Because of the elevated water temperatures we
discontinued the weir leakage experiment.

The Yentna River sonar program has been conducted since 1981 (Davis and King 1997). From
1984 to 1987 an adult weir was operated by Cook Inlet Aquaculture Association (CIAA) at
Larson Lake to enumerate the sockeye salmon escapement (Marcuson 1984, 1985, 1987, 1988).
Figure 5 shows the relationship between Yentna River escapement estimates (sonar) and Larson
Creek weir escapements (1984—1987 and 1997). Although based on a small sample size (n = 5),
the linear association between the sonar estimate and the weir count was relatively strong (r' =
0.65; P =0.099). The estimated escapement of sockeye salmon in the Yentna River in 1997 was



157.797 (Davis 1998). The Larson Lake escapement was therefore 25.5% of the Yentna River
escapement estimate. This ratio is similar to those observed in the mid 1980s: 24.6% in 1984,
35.4% 1n 1985, 35.1% in 1986, and 25.4% in 1987.

Tag Recovery

Spawning ground tag recovery surveys were conducted from August 21 to September 27 during
eight 5-day sampling periods from the six geographical areas (Figure 3, Table 4). Adult sockeye
salmon captures from all periods and areas totaled 9,814, with 8,170 (83.2%) first-time captures
and 1,644 (16.8%) previously captured fish. The proportion of the escapement that were
first-time captures (£) was 20.3%. Of these captures, 4,429 were females and 3,741 were males,
capture efficiencies of 19.7% and 21.0%, respectively. First-time captures composed the
majority of the spawning ground surveys until the final sampling period when about 46% of the
fish had been caught previously. Of'the 3,663 fish spaghetti tagged at the weir (2,040 females
and 1,623 males), 285 (14.0%) females and 245 (15.1%) males were recaptured in the spawning
ground surveys. Of the 919 jaw (+ spaghetti) tagged fish (530 females and 416 males), 53
females (10.5%) and 53 males (12.7%) were recovered. Of the 250 dart (+ spaghetti) tagged fish
(126 females and 124 males), 16 (12.7%) females and 22 (17.7%) males were recovered. Of the
2,164 fish (1224 females and 940 males) fitted with spaghetti tags only, 216 (17.6%) females and
177 (18.8%) males were recovered.

Sampling Selectivity

Females composed 54.4% and males 45.6% of the untagged first-time captures of sockeye
salmon in the spawning grounds, which did not differ significantly (P > 0.03) from the weir
sample (Table 5). However, untagged females had a mean MEF of 485 mm while males had a
mean MEF of 511 mm, both of which were significantly (£ < 0.001) less than mean MEF
estimates from the weir (Table 3). Figure 6 presents box plots of MEF for males and females in
each spawning ground area compared to mean MEF estimates from the weir. For both sexes and
ali areas, mean MEF was significantly (£ < 0.01) less than the weir estimate. Figure 7 compares
cumulative MEF distributions between the weir and spawning ground samples (all areas and
periods pooled). Results of K-S tests indicated that the MEF distributions differed significantly

for both sexes (P < 0.001), although females appeared more similar than males.

Table 6 compares tagged fish that were not recaptured with tagged fish recaptured in the
spawning grounds. Analyses were conducted for all tagged fish and those fitted with a spaghetti
tag only. Results were similar between the two groups. Sex composition did not differ
significantly (£ > 0.10) between tagged and recaptured fish. Mean MEF of females also did not
differ significantly (£ > 0.10) between tagged and recaptured fish. However, mean MEF of
recaptured males was significantly less (P < 0.001) than male fish that were not recaptured.
Figure 8 compares cumulative MEF distributions of all tagged and recaptured fish. K-S test
results indicated that the MEF distributions differed significantly for both sexes, although
females (£ = 0.007) were more similar than males (P < 0.001). Similar results were obtained for
fish fitted with spaghetti tags only (Figure 9).



Mark-Recapture Statistics

The proportion of tagged fish recovered in the spawning ground surveys, P, is presented in Table
7. Temporal and spatial differences in the tagged proportion were detected for both sexes and in
the total catch. However, after removing period 3 from the analysis, no temporal effects were
detected (P > 0.03). Similarly, after removing Inlet samples from the analysis, no spatial effects
were detected (P > 0.05). For fish fitted with spaghetti tags only (Table 8), the only differences
detected were among periods for females (P = 0.009); removal of period 3 from this analysis
resulted in a non-significant difference (P = 0.07).

The recapture rate of tagged fish, E, summarized by tag color is shown in Table 9. Results of
chi-square tests indicated no overall effect of tagging order on the recapture rate of females,
males, or both sexes (P > 0.05). Also, the recapture rate did not differ significantly between
males and females (P = 0.31). Similar results were obtained for fish fitted with spaghetti tags
only (Table 10).

Results of the tag loss experiments are given in Table 11. Estimated total loss of spaghetti tags
was 10.6%. However, all spaghetti tag losses occurred in male fish, which lost an estimated
21.0% of their tags. Of the 13 tag losses recorded, only 5 were detected from the 919 fish with
secondary jaw tags while 8 were from the 250 fish with dart tags. Also, these 5 jaw tags were
positioned on the lower jaw (none were mouth corner positioned). Estimated loss of jaw tags
was similar between males and females and totaled 9.9%. However, only 2 of the 10 missing
jaw tags were lower jaw positioned. Although the sample size was small, dart tag loss was
estimated at 10.6%. The proportion of dual tagged fish in the spawning ground survey, adjusted
for tag loss, underestimated the proportion of fish dual tagged at the weir for the 3 types of tags
used in the study.

Table 12 compares M-R estimates of P (proportion of tagged fish in the population) and £
(proportion of the population sampled in the spawning grounds) with (1) known values of P and
E based on the weir count of the total escapement or (2) separate estimates of P and £ for males
and females using sex composition estimates from the weir sample (see Table 2). Results are
given for all tagged fish, spaghetti tagged only fish, and dual tagged fish (all dual, all jaw, lower
jaw, and dart tagged). Confidence intervals (95%) indicated that the M-R estimates were
significantly less than the known values of P and £ for the total sockeye escapement (P < 0.05
for all tag groups). Similarly, ¢-tests indicated that M-R estimates of £ and £ for females were
significantly less than the weir-derived estimates (P < 0.05 in all cases). For males, r-fests
indicated that estimates of P and E were significantly lower (P <0.05) than weir-based estimates
for all tag groups except lower jaw and dart dual tagged.

Figure 10 compares M-R escapement estimates of the six tag groups of female sockeye salmon
with the weir-derived estimate. In all cases M-R estimates of female escapement were
significantly greater than the weir-derived estimate (¢-tests, P < 0.05), which was expected since
P and E were consistently underestimated (see Table 12). Figure 11 compares M-R escapement
estimates of the six tag groups of male sockeye salmon with the weir estimate. The M-R
estimates of males were significantly greater than the weir estimate (t-fests, P <0.05) for all tag
groups except lower jaw and dart tagged. For both sexes the difference in abundance estimates
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betweer all tagged and spaghetti tagged only fish can be attributed to the effects of dual tagging
— particularly jaw tagging in the mouth comer — on the probability of recapture. For the total
escapement (Figure 12), dual tagging with jaw tags resulted in the most severe over-estimate of
the abundance (74%), while spaghetti tagging only and dual tagging with dart tags resulted in the
smallest over-estimate (about 30%).

Table 13 presents the effect of correcting for tag loss of fish fitted with spaghetti tags only on
M-R point estimates of the escapement; results are given for all secondary tags, all jaw, lower
Jaw, and dart tags. The correction was not possible for female fish (none were found with
missing spaghetti tags). However, correcting for tag loss in males resulted in escapement
estimates that were close to the weir-derived estimate of 17,843 male sockeye (see Table 13).
M-R estimates of the total sockeye salmon escapement were still higher than the weir census
because of the effect of over-estimating female escapement.

DISCUSSION
The Weir

The 1997 Larson Lake weir project provided the first sockeye salmon escapement data collected
in this major tributary of the Talkeetna River in 10 years. The total escapement of 40,282 was
slightly higher than escapements recorded in the mid 1980s: 35,254 in 1984, 37,874 in 1983,
32,322 in 1986, and 16,753 in 1987 (Marcuson 1984, 1985, 1987, 1988). The escapement was
dominated by fish that reared one year in freshwater (90%; Table 3), which is similar to previous
years: 97% in 1984, 67% in 1985, 95% in 1986, and 94% in 1987.

The Larson Creek weir counts were moderately correlated with escapement estimates from the
Yentna River sonar program (Figure 5), which suggests that the sonar estimate indexes
sub-stocks, therefore the total escapement, of sockeye salmon in the Susitna River.
Alternatively, this suggests that weir counts of major spawning tributaries can be used to index
the total escapement of sockeye salmon in the Susitna drainage.

Although we abandoned the weir leakage experiment because of high water temperatures, we
believe that weir leakage was highly unlikely. We experienced none of the problems typical of
other weir projects. The outlet of Larson Lake is quite shallow with minimal flow and has as an
excellent substrate (strewn boulder) for operating a weir. No problems with bears were
encountered and stream velocities never posed even a minor threat to weir stability.

Tagging and Recovery

Other than the 1nitial problem with high water temperatures, the tagging phase of the study went
smoothly and the goal of (spaghetti) tagging in proportion to the daily escapement was easily
met. Tag recovery in Larson Lake was relatively simple because there is only one spawning
tributary feeding the lake where fish were captured as they held in shallow water before entering
the stream. The majority of spawning took place in shoals on the northern and eastern shoreline,



areas that were easily accessible to beach seining. This allowed us to sample more than 20% of
the total escapement, which is probably quite high for a M-R study.

Our data indicated that only a small segment of the spawning population was available for
capture during any single time period. Captures of previously sampled fish never exceeded 20%
until period 6 and exceeded 45% only in the last (8") sampling period, which was shortened to
two days. This suggests a pattern of fish moving into the spawning grounds for a relatively short
period of time, dying, and then being replaced by new spawners moving in from deeper areas of
the lake. This cycle of spawner replacement continued throughout the entire season and is
important not only for M-R studies, but for fishery managers who rely on aerial counts of
spawning grounds for escapement information. Quinn and Foote (1994) looked at how body size
and sexual dimorphism of sockeye salmon in Iliamna Lake influenced reproductive success.
They reported that mortality rates of males and females were similar but females remained on the
spawning grounds slightly longer than males — 7.4 days versus 6.8 days. If spawning takes place
over a period of about six weeks, it is likely that only 15-20% of the population would be
available for capture or counting at any point in time.

The rationale for using jaw tags as the (main) secondary mark was that they are not easily shed
since they are small and not external to the body. Other studies have shown that jaw tag losses
are minimal (MacCrimmon and Robbins 1979; Slatick 1976). Initially we placed the jaw tags in
the back corner of the mouth; however, we noted that this placement partially restricted mouth
closure. Therefore, placement of the tag was moved forward in the mouth, on the lower jaw of
each fish. This placement did not appear to interfere with mouth closure, but the tag was now
perpendicular to the lower jaw, possibly making it more susceptible to snagging in the seine.
One unexpected result of using jaw tags was that 5 spaghetti tags were counted as missing due to
the presence of a jaw tag, while 10 jaw tags were missing based on spaghetti tag recoveries.
These results suggest that jaw tags are not as reliable as initially assumed, aithough this may not
necessarily be the case. Seining crews were instructed to observe all fish for the presence of
tags, but it is possible that some jaw tags reported as missing went unobserved. In one instance a
spaghetti-tagged fish was captured and no jaw tag was recorded. A few days later the same fish
was captured again, but this time a jaw tag was observed. Therefore, it is possible that some jaw
tags were incorrectly reported as missing. We also found that only 2 of the 10 jaw tags reported
as missing were positioned on the lower jaw. These tags were more visible and thus easier to
observe. Furthermore, it is quite possible that the 2 missing lower jaw tags may have been
pulled out by the seine. This occurred in one set when a jaw tag (with tissue attached) was found
in the seine and matched to a fish that was bleeding in the mouth where the tag had recently
pulled loose. Furthermore, if some jaw tags were not detected it is likely that spaghetti tag losses
were underestimated. Only 5 of the 13 observed spaghetti tag losses were attributed to the 919
fish with jaw tags, while 8 were from the 250 fish with dart tags. These 5 jaw tags were all
positioned on the lower jaw (none in the mouth corner). Dart tags were easier to detect than jaw
tags and thus we believe that this disparity indicates that some spaghetti tag losses were missed
because of unobserved jaw tags, particularly those in the mouth corner.

All 13 spaghetti tag losses were attributed to male fish, while dart and jaw tag losses occurred in
both males and females (Table 11). McPherson et al. (1997) also found that spaghetti tag losses
from medium-sized chinook salmon Oncorhynchus tshawytscha were unique to males. This



anomaly may be related to sexual dimorphism of male salmon at maturity. Male sockeye
develop an exaggerated dorsal hump, which may hasten tag loss. We tagged the majority of our
fish in bright or semi-bright condition before the humps formed. Therefore, as the hump became
more prominent, spaghetti tags that were tightly cinched against the fish back could have tom
loose. Another viable explanation involves behavioral patterns exhibited by spawning males.
Schroder (1981), Fleming and Gross (1994), and Quinn and Foote (1994) reported that rigorous
intra-sexual spawning competition occurs between males for access to ripe females. It is
plausible that spaghetti tags were pulled out of male sockeye by the protruding teeth in the
elongated snouts of other males defending females. Field crews found spaghetti tags lying on the
lake bottom with broken loops, suggesting that these tags had been torn loose. However, other
tags were found with the loop intact, perhaps from tags that had been placed too high in the back,
allowing them to pull out. Physiological changes and behavioral aspects may have worked in
concert to cause the observed spaghetti tag losses in males only.

The primary reason that we used dart tags in this study was to evaluate them for possible use as a
primary tag in future M-R studies. Dart tags have a barbed plastic-tipped head that is designed to
penetrate the flesh and slide over and lock behind internal fin spines. Even though these tags are
not designed specifically for salmon, they performed well, particularly in terms of ease and speed
of application. Although the recovered sample size was small (n = 38), tag loss was similar to
both spaghetti and jaw tags (Table 11). Furthermore, recovery rates of dart tagged fish were only
slightly less than fish with spaghetti tags only, indicating that effects of dart tags on catchability
were minimal (Table 12). Because dart tags can be applied quickly and are less susceptible to
being tomn out by other fish or overhanging debris, they appear to be a good candidate for salmon
M-R studies. Butler and Loeffel (1972) concur with this assessment in their comparison of
anchor (dart) and spaghetti tags on coho and chinook salmon. In their study spaghetti tags losses
were less than dart tag losses, but the advantages dart tags provided in reduced handling
outweighed the difference in tag retention. Other studies have reported different tag loss results.
McGlennon and Partington (1997) found shedding rates of dart tags to be markedly higher than
loop (spaghetti) tags in aquarium-reared sparid snapper Pagrus auratus. However, Sprankle et
al. (1996) found that shedding rates of dorsal loop tags (tied in an overhand knot) were four
times higher than dart tags in striped bass Morone saxatilis. Timmons and Howell (19953)
reported similar numbers of spaghetti and dart tags retained in both catfish /cralurus spp. and
buffaloes /ctiobus spp. The species of fish and the time required for a tagged fish to be
recaptured both play an important role in deciding which tag to use. If visual surveys of tagged
fish are part of the study design, spaghetti tags may be the better choice because they are visible
from both sides of the fish (Timmons and Howell 1995); although, dart tags can be applied to
both sides of the fish. Finally, if increased predation of tagged fish is a concern, we found that
brown colored spaghetti tags were very difficult to see. Therefore, the choice of tag color may
be an important consideration, especially if tagging increases the likelihood of predation.

The final dual-tagging method used in our study involved 500 spaghetti tagged fish that were
adipose fin-clipped. This technique revealed three spaghetti tags losses, but we decided not to
use these data because the sex of these fish was unknown and the method was generally
unreliable. We used a paper punch to mark the adipose fins of every fish captured in the
spawning ground surveys to identify previously sampled fish. We found that holes in the
adipose fin apparently induced “fin-rot” on some tish, to the point where the fin completely



deteriorated. These fish could have been confused with those adipose fin-clipped at the weir and
misidentified as a fish missing a spaghetti tag. Therefore, we began hole-punching caudal fins.
We recommend that researchers do not hole-punch adipose fins of salmon if recoveries are
conducted in spawning grounds.

Mark-Recapture Estimation

Perhaps the most important objective of this study was to assess M-R assumptions. Specifically,
we sought to evaluate spaghetti tagging and spawning ground recovery sampling, methods that
have commonly been used to estimate salmon abundance in Alaska (e.g., Thompson et al. 1986;
Pahlke and Bernard 1996). Performing the M-R study together with the weir program allowed
us to explicitly assess M-R assumptions and identify sources of bias in the M-R estimate. The
weir program allowed a high degree of control over tagging with no known sources of sampling
bias (assumption 1a). The weir also provided a census of the total escapement, which was closed
to recruitment (assumption 2), and precise estimates of the sex composition, size (MEF), and age
structure of the population. These features of the study allowed us to assess selectivity in
spawning ground surveys (assumption 15). Dual tagging (assumption 4) provided a method of
correcting for tag loss and therefore allowed an evaluation of tagging effects on catchability
(assumption 5). We believe that assumption 3 (reporting of all tags recovered) was for the most
part satisfied, although, as discussed previously, there was an indication that some jaw tags
(especially those placed in the mouth corner) may not have been reported. We attempted to
circumvent this problem by analyzing subgroups of tagged fish.

Sex composition in the spawning ground (recovery) surveys of tagged and untagged fish did not
differ from the weir sample. However, size selectivity occurred in the recovery survey and was
more pronounced in male than female fish (see Tables 5-6 and Figures 6-9). This problem
could result in a biased M-R estimate, particularly if the first sampling event (tagging) is not
random, which is often the case (although not in our study) and random mixing of tagged and
untagged fish does not occur between sampling events. These results indicate that stratified
sampling methods should be used and that the strata could be defined by sex (minimally) or size
groups within each sex. Seber (1982) recommends using different capturing methods in the first
and second sampling events to help reduce bias from non-random sampling.

The proportion of tagged fish in the recovery surveys was somewhat inconsistent among periods
(Table 7). Although, this was due to high proportions of tagged fish captured in period 3 (9/02 to
9/06) in all areas except the outlet and southeast beach (see Table 4). We also found somewhat
inconsistent proportions of recovered tags among areas (Table 7). This was due to high
proportions of tagged fish captured in the Inlet, except after period 4 when only 17 fish were
caught in this area (see Table 4). A similar analysis that did not include dual tagged fish
(spaghetti tagged only) resulted in more consistent tagged proportions, although females
exhibited a minor inconsistency related to period 3 (Table 8). Given that a random sample of
fish were tagged at the weir (assumption 1a), these results suggest a differential effect of tagging
on capture probability; in particular, dual tagging may have compounded this problem. On the
other hand, recapture rates based on tagging order (color groups) were fairly consistent (Tables 9
and 10) indicating that run timing did not aftect the probability of recapture. We concluded that,
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overall, the inconsistencies discussed above were relatively minor, therefore recovery data for
the majority of the analyses was pooled.

Fish marked with spaghetti tags only had a higher overall recapture rate than all tagged fish —
15.4% versus 14.5% — indicating that dual tagging decreased the probability of recapture (Tables
9 and 10); this was particularly evident with jaw tagged fish (Table 12). Subsequently, dual
tagging generally increased the difference between the M-R abundance estimate(s) and the weir
count (Figure 12), even after correcting for tag loss. However, these results depended on the
type of secondary tag used, especially for male fish (see Figures 10 and 11). Dual tagged males
with secondary dart tags, for example, gave an escapement estimate that did not differ
significantly from the weir-derived estimate. Presumably this was because correcting for tag loss
was much more important than tagging effects on catchability (which was probably minimal in
this case).

To eliminate effects of secondary tags on recapture probability, we applied tag loss estimates to
fish that were spaghetti tagged only (Table 13). This was done for males only because female
sockeye were not observed with missing spaghetti tags. Therefore, females that were spaghetti
tagged only still gave a M-R escapement estimate that was 31% higher than the weir-derived
estimate. The effect on escapement estimates of males, however, was substantial. Without
correcting for tag loss, the M-R point estimate was 32% higher than the weir-derived estimate of
17,843 male sockeye (Figure 11). After applying tag loss corrections based on all secondary tags
(Jaw -+ dart) and lower jaw tags, escapement estimates were very close to the weir estimate.
Estimated tag loss using dart tags actually resulted in a over-correction. Although these results
indicate the importance of tag loss, it should be noted that the estimates were based on small
sample sizes of recaptured dual tagged fish; therefore, the reliability of the estimates is somewhat
low.

CONCLUSIONS

The total count of 40,282 adult sockeye salmon passing the Larson Creek weir in 1997 was
slightly higher than counts from the mid 1980s, which ranged from 16,753-37,874. The ratio of
these escapements to Yentna River (sonar-derived) escapements has remained fairly constant,
suggesting that sonar estimates can be used to index sockeye salmon escapement in the Susitna
River. The M-R experiment, which involved spaghetti tagging and spawning ground recovery
surveys, showed that the combination of tag loss and tagging effects on catchability, both of
which decreased the probability of recapture, can cause a major (positive) bias in the estimate of
sockeye salmon escapement. Dual tagging, which corrects the tag loss problem and is often
applied to 100% of marked fish, may increase this bias due to secondary tagging effects on
catchability (particularly with jaw tags). The reduced probability of capture is a result of either
increased mortality from handling stress or some other factor that decreases in-stream life or the
availability of tagged fish to capture. Also, the nature and degree of these effects differed
substantially between males and females. Unfortunately, if recovery sampling is conducted in
spawning grounds this problem cannot be overcome by changing the sampling design (e.g.,
stratification). Therefore, the type and method of primary and secondary tagging may be critical
to the success of the M-R experiment. Our preliminary experience with dart tags indicated that



they are a good candidate for such applications. Alternatively, recovery sampling could take
place in-stream (e.g., fishwheels) or, if the population has multiple stocks, at weirs where
sampling can be controlled (i.e., every fish examined). We also found that size selectivity occurs
in spawning ground surveys, indicating that a stratified design may be warranted if the first
(tagging) sample is not random.
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Table 1. Daily counts and tagging schedule of adult sockeye salmon passing Larson Creek

weir in 1997. See text for a description of tagging methods.

Daily Cumulative

Spaghetti Tag

Secondary Tag

Date Count Total Untagged Count Color Jaw  Clip Dart
21-Jul 495 495 490 5 Orange 3
22-Jul 168 663 164 4 3
23-Jul 24 687 24 0 0
24-Jul 395 1,082 351 44 11
25-Jul 849 1,931 822 27 6
26-Jul 23 1,954 9 14 6
27-Jul 1,258 3,212 1,176 82 20
28-Jul 2,159 5,371 2,098 61 10
29-Jul 1,182 6,553 1,141 41 5
30-Jul 1,697 8,250 1,669 28 7
31-Jul 1,311 9,561 1,156 119 23
36 Yellow 15 36
1-Aug 398 9,959 262 136 30 136
2-Aug 426 10,385 335 91 21 91
3-Aug 443 10,828 423 20 5 20
4-Aug 1,176 12,004 1,060 116 29 116
5-Aug 1,759 13,763 1,596 101 25 101 62
62  Pink 15
6-Aug 1,135 14,898 1,004 131 33 131
7-Aug 1,027 15,925 919 108 27 57
8-Aug 812 16,737 715 97 24
9-Aug 1,081 17,818 979 102 26
10-Aug 1,190 19,008 1,071 119  Blue 29
11-Aug 1,083 20,091 973 110 28
12-Aug 1,279 21,370 1,152 127 32
13-Aug 401 21,771 357 44 11
14-Aug 300 22,071 270 30 7
15-Aug 559 22,630 503 56 14
16-Aug 277 22,907 246 14 4
17 White 4
17-Aug 264 23,171 238 26 6
18-Aug 597 23,768 540 57 15
19-Aug 964 24,732 868 96 24
20-Aug 999 25,731 906 93 22
21-Aug 612 26,343 551 61 15
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Table 1 (continued)

Daily Cumulative

Spaghetti Tag

Secondary Tag

Date Count Total Untagged Count Color Jaw  Clip  Dart
22-Aug 1,504 27,847 1,354 150 38
23-Aug 453 28,300 410 45 Green 10
24-Aug 1,111 29411 1,004 107 27
25-Aug 2,002 31,413 1,804 198 50
26-Aug 1,591 33,004 1,433 103 38
3> Gray 3
27-Aug 1,567 34,571 1,417 150 41
28-Aug 1,291 35,862 1,149 142 47
29-Aug 1,165 37,027 1,049 116 29
30-Aug 759 37,786 681 78 20
31-Aug 517 38,303 466 6 0
45  Brown 12
1-Sep 304 38,607 274 30 7
2-Sep 197 38,804 175 22 6
3-Sep 140 38,944 126 14 4
4-Sep 201 39,145 181 20 5
5-Sep 282 39,427 254 28 7
6-Sep 301 39,728 271 30 7
7-Sep 88 39,816 78 10 3
8-Sep 240 40,056 226 i4 2
9-Sep 74 40,130 57 17 5
10-Sep 33 40,1653 30 3 0
11-Sep 48 40,211 45 3 1
12-Sep 44 40,255 40 4 2
13-Sep 27 40,282 27 0 0
Total 40,282 36,619 3,663 919 500 250
% Tagged 9.09% 2.28% 1.24% 0.62%

21



Table 2. Estimates of sex composition and abundance. and mean mid-eye to tail fork
length (MEF) of adult sockeye salmon passing the Larson Creek weir in 1997. Sample
sizes were 2,082 females and 1,658 males. Standard errors (SE) and 95% confidence
intervals are given.

95% C. 1.
Variable Sex Estimate SE Lower Upper
Composition Female 55.7% 0.77% 54.2% 57.2%
Male 44.3% 0.77% 42.8% 45.8%
Abundance Female 22,439 312 21,828 23,049
Male 17,843 312 17,233 18,454
Mean MEF (mm) Female 493 0.7 492 494
Male 530 1.1 528 532
Both 509 0.7 508 510
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Table 3. Age composition estimates of adult sockeve salmon
passing the Larson Lake weir in 1997 (n = 357). Standard
errors (SE) and 95% confidence intervals are also given.

95% C. 1.
Age n Percent SE  Lower Upper
1.2 191 53.5% 2.6%  48.4% 58.6%
1.3 129 36.1% 25%  31.2% 41.0%
2.2 13 3.6% 1.0% 1.6% 5.6%
2.3 24 6.7% 1.3% 4.2% 9.2%
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Table 4. Summary of first-time captures of adult sockeye salmon. by sampling period and area,

from spawning ground surveys of Larson Lake in 1997. Sampling periods were: (1) 8/21 to 8/27;
(2) 8/28 to 9/10; (3) 9/02 to 9/06; (4) 9/07 to 9/11; (5) 9/12 to 9/16: (6) 9/17 to 9/21; (7) 9/22 to

9/25; and (8) 9/26 to 9/27. Area codes (see Figure 3) are: EB=east beach; IN=1inlet; NEB=
northeast beach; OUT=outlet; SBE=south beach east; and SEB=southeast beach.

Untagged Tagged (recoveries) Total Captures
Period Area female male total female male total female  male total
1 EB 26 40 66 1 7 8 27 47 74
IN 51 51 102 5 10 15 56 61 117
NEB 74 79 153 5 6 11 79 85 164
OouT 0 0 0 0 0 0 0 0 0
SBE 11 24 35 0 1 1 11 25 36
SEB 294 307 601 21 11 32 315 318 633
2 EB 19 16 35 0 1 1 19 17 36
IN 63 44 07 8 2 10 71 46 117
NEB 59 66 125 6 8 14 65 74 139
OouT 8 7 15 1 1 2 9 8 17
SBE 23 26 49 1 0 1 24 26 50
SEB 259 223 482 13 14 27 272 237 509
3 EB 35 40 75 4 5 9 39 45 84
IN 86 73 159 18 8 26 104 81 185
NEB 69 72 141 16 12 28 85 84 169
OouT 88 101 189 4 10 14 92 111 203
SBE 92 102 194 13 8 21 105 110 215
SEB 240 172 412 14 11 25 254 183 437
4 EB 104 110 214 4 4 8 108 114 222
IN 45 25 70 3 4 7 48 29 77
NEB 128 105 233 3 3 6 131 108 239
ouT 92 101 193 11 15 26 103 116 219
SBE 103 76 179 4 5 9 107 81 188
SEB 335 215 550 18 20 38 353 235 588
5 EB 47 28 75 1 1 2 48 29 77
IN 11 4 15 0 0 0 11 4 15
NEB 78 70 148 2 5 7 80 75 155
OouT 159 151 310 9 15 24 168 166 334
SBE 117 78 195 2 4 6 119 82 201
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Table 4 (continued)

Untagged

Tagged (recoveries)

Total Captures

Period Area female male total male  total female total
SEB 170 116 286 7 18 181 304

6 EB 79 54 133 5 2 7 84 140
IN 0 1 1 1 0 1 1 2

NEB 89 76 165 0 0 0 89 165

ouT 95 82 177 5 7 12 100 189

SBE 61 50 111 3 6 9 64 120

SEB 276 184 460 17 11 28 293 488

7 EB 52 51 103 2 0 2 54 105
IN 0 0 0 0 0 0 0 0

NEB 104 69 173 10 5 15 114 188

ouT 70 58 128 2 3 5 72 133

SBE 63 41 104 9 1 10 72 114

SEB 136 123 259 14 2 16 150 275

8 EB 38 30 68 2 2 4 40 72
IN 0 0 0 0 0 0 0 0

NEB 48 37 85 3 0 3 51 . 88

ouT 37 37 74 6 2 8 43 82

SBE 30 i2 42 1 0 1 31 43

SEB 80 69 149 7 6 13 87 162
Total 4,144 3,496 7,640 285 245 530 4,429 8,170




Table 5. Comparison of sex composition and mean mid-eye to tail fork
length (MEF) of adult sockeye salmon sampled in 1997 at Larson Creek
weir and in spawning ground surveys of the lake (untagged fish). Sex
composition did not differ significantly between the samples ()(2 =17

P =0.19). However, the mean MEF of males and females was significantly
greater at the weir than in the spawning grounds (P < 0.001, both sexes).

Composition (%) MEF (mm)

Sample Sex n Estimate  SE Mean SE
Weir Female 2085 55.7% 0.77% 493 0.74
Male 1658 44.3% 530 1.05

Survey Female 4032 544%  0.58% 485 0.50
Male 3379 45.6% 511 0.63
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Table 6. Comparison of sex composition and mean mid-eye to tail fork length (MEF) of
adult sockeye salmon tagged in 1997 at Larson Creek weir and recaptured in spawning
grounds. For all tagged fish, sex composition did not differ between those tagged and
recaptured (Xz =1.1; P =0.29). Similar results were obtained for fish fitted only with
spaghetti tags (xz =0.34; P =0.56). Mean MEF did not differ significantly between
tagged and recaptured females (¢-test; P > 0.10) and again similar results were obtained

for both tag groups. However, the mean MEF of tagged males was significantly greater
than recaptured males (/- test ; P <0.001) and again results were similar between tag

groups.
Composition MEF (mm)
Tag Group Sample Sex n Estimate  SE Mean SE
All Spaghetti Tagged Female 1801  36.1%  0.84% 493 0.81
Male 1412 43.9% 532 1.16
Recaptured Female 285 338% 2.17% 490 1.82
Male 245 46.2% 518 2.18
Spaghetti Only Tagged Female 1224 36.6% 1.04% 492 0.97

Male 940  43.4% 530 1.43

Recaptured Female 216 33.0% 2.351% 488 2.04
Male 177 45.0% 518 2.61
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Table 7. Untagged captures and recoveries of all tagged sockeye salmon, by period and area, from
LLarson Lake spawning ground surveys in 1997. Chi-square tests indicated temporal differences in
the proportion of tagged fish for both sexes ( <0.05). However, after removing period 3 from the
analysis, no differences were detected for either sex (£ > 0.05). Areal differences in the tagged
proportion were also detected (P < 0.05), although after removing Inlet area samples from the
analysis, no differences were detected for either sex (2 > 0.05). The proportion of recovered tags
did not differ between males and females (P = 0.83). Data reported is for first-time captures.

8¢

Untagged Captures Tag Recoveries Tagged Proportion
Stratum Female Male Total Female Male Total Female Male Total
Period:
(1) 8/21-8/27 456 501 957 32 35 67 6.6% 6.5% 6.5%
(2) 8/28-9/01 431 382 813 29 26 55 6.3% 64% 6.3%
(3) 9/02-9/06 610 560 1170 69 54 123 102% 8.8% 9.5%
(4)9/07-9/11 807 632 1439 43 51 94 51%  7.5% 6.1%
(5)9/12-9/16 582 447 1029 25 32 57 4.1% 6.7% 52%
(6) 9/17-9/21 600 447 1047 31 26 57 49% 55% 5.2%
(7) 9/22-9/25 425 342 767 37 11 48 8.0% 3.1% 5.9%
(8) 9/26-9/27 233 185 418 19 10 29 7.5% 5.1% 6.5%
Area:
East Bch. 400 369 769 19 22 41 4.5% 5.6% 5.1%
[nlet 256 198 454 35 24 59 12.0% 10.8% 11.5%
Northeast Bch. 649 574 1223 45 39 84 6.5% 64% 064%
Outlet 549 537 1086 38 53 91 6.5% 9.0% 7.7%
South Bceh. E. 500 409 909 33 25 58 62% 58% 6.0%

Southeast Beh. 1,790 1,409 3,199 115 82 197 6.0% 55% 5.8%

Total - all data 3,744 3,127 6,871 285 245 530 7.1%  73% 7.2%
Total - w/o period 3 3,534 2936 6470 216 191 407 58% 6.1% 5.9%
Total - w/o Inlet 3,239 2,724 5963 205 182 387 6.0% 63% 06.1%
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Table 8. Untagged captures and recaptures, by stratum, of sockeye salmon fitted with spaghetti tags
only from Larson Lake spawning ground surveys in 1997. Chi-square tests indicated no temporal
differences in the proportion of tagged male fish (£ = 0.163). The proportion of tagged females,
however, differed significantly among periods (P = 0.009); although, after removing period 3 from
the analysis no significant differences were detected (P = 0.07). No areal differences were detected
for either sex or the total catch (2 > 0.10) and proportion of tagged fish did not differ between males
and females (P = 0.86). Data reported is for {irst-time captures.

Untagped Captures Tag Recoveries Tagged Proportion
Stratum Female Male Total Female Male Total Female Male Total
Period:
(1) 8/21-8/27 456 501 957 24 25 49 50% 4.8% 4.9%
(2) 8/28-9/01 431 382 813 16 15 31 3.6%  3.8% 3.7%
(3) 9/02-9/06 610 560 1170 47 40 87 72% 6.7% 6.9%
(4 9/07-9/11 807 632 1439 34 35 69 4.0% 52% 4.6%
(5)9/12-9/16 582 447 1029 19 25 44 32%  S5.3% 4.1%
(6) 9/17-9/21 600 447 1047 29 21 50 4.6% 4.5% 4.6%
(7) 9/22-9/25 425 342 767 30 9 39 6.6% 2.6% 4.8%
(8) 9/26-9/27 233 185 418 17 7 24 6.8% 3.6% 54%
Area:
East Beh. 400 369 769 13 17 30 3.1%  4.4%  3.8%
Inlet 256 198 454 19 13 32 6.9% 062% 06.6%
Northeast Beh. 649 574 1223 33 33 66 4.8% 54% 5.1%
Outlet 549 537 1086 33 33 66 5.7%  5.8%  5.7%
South Bch. E. 500 409 909 25 21 46 4.8% 49% 4.8%
Southeast Beh., 1790 1409 3199 93 60 153 4.9% 4.1% 4.6%
Total - all data 3744 3127 687! 216 177 393 55% 5.4%  5.4%

Total - w/o Period 3 3534 2936 6470 169 137 3006 4.6%  4.5% 4.5%
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Table 11. Results of dual tagging experiments conducted at Larson Lake in 1997.
The number and percent of lost tags is given for each type of tag used in the study.
The percent of fish dual tagged at the Larson Creek weir is compared with the
percent of dual tagged fish recovered in the spawning grounds, after correcting
for tag loss.

Dual Tagged Recaptures Pred. Recaps.
Tag Type  Sex Total Percent Total Lost Percent  Total Percent
Spaghetti Female 604  2.69% 68 0 0.0% 68 1.54%
Male 503 2.82% 69 13 21.0% 71 1.89%
Total 1107  2.75% 137 13 10.6% 139 1.70%
Jaw Female 503 2.24% 53 5 9.4% 53 1.20%
Male 416  2.33% 33 5 104% 54 143%
Total 919 2.28% 106 10 9.9% 107 1.30%
Dart Female 126  0.56% 16 1 6.7% 16  0.36%
Male 124 0.69% 22 2 143% 23 0.62%
Total 250  0.62% 38 3 10.3% 39 0.48%
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Table 13. Effect of various secondary tagging techniques on estimated spaghetti tag loss and the (corrected)

mark-recapturc (M-R) point estimate of the number of adult sockeye salmon passing Larson Creek weir in
1997. Corrected estimates of the number of recaptures (i), therefore the abundance estimates, were based

on fish marked with spaghetti tags only. The percent difference is given to indicate the degree of bias in the
M-R estimate compared to the weltr.

Dual Recaptures Corrected Sockeye Abundance
2" Tag Sex Tagged Count Lost % Lost  Count n, Weir M-R Est. % Diff.
Jaw & Dart  Female 604 68 0 0.0% 68 216 22,439 29,437 31.2%
Male 503 69 13 21.0% 71 224 17,843 18,613 4.3%
Total 1107 137 13 10.6% 139 440 40,282 48,050 19.3%
All Jaw Female 503 53 0 0.0% 53 216 22,439 29,437 31.2%
Male 416 53 5 10.4% 54 198 17,843 21,085 18.2%
Total 919 106 5 5.2% 107 414 40,282 50,522  25.4%
Lower Jawv  Female 228 20 0 0.0% 26 216 22,439 29,437 31.2%
Male 145 24 5 21.7% 24 220 17,843 18,432 3.3%
Total 373 50 10.4% 50 442 40,282 47,869 18.8%
Dart I'emale 126 16 0 0.0% 16 216 22,439 29437  31.2%
Male 124 22 8  40.0% 23 295 17,843 14,145  -20.7%
Total 250 38 8 22.9% 39 511 40,282 43,582 8.2%
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Figure 1. Upper and Lower Cook Inlet commercial fishing districts.
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OLTLET NORTHEAST LARSON LAKE
N Latitude: 62° 20’

\ Longitude: 149° 53’

Elevation: 186 m

Area: 1.8 x105m?2

Mean Depth: 16.4 m
Maximum Depth: 42.6 m

Volume: 29.1 x 10 m?®
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Figure 3. Bathymetric map of Larson lake showing the location of the six spawning areas
surveved for tag recoveries in 1997,



. L661 W
119m ¥2317) uosie ayy Juissed uotyes 9£990s ynpe jo sunod Ajiep (g) pue saanenwn) () ‘'t 2Indt,|

(2661) 3LVA

LLi6 L6 €/6 0f£/8 9Z/8 ZZ/8 8L/8 vL/IB 0L/8 9/8 ZIB 6Z/L STL VL

; ; s 0

r T LA I S S S S S e § T T T T T T

00G

J 000}

| 00§'L

] 000’z

1 0052

INNOD HIaMm

1 000's

1000°01

s

000°GL

00002

\,

"

000°'SZ

000'0¢

2

"

000's¢e

000‘0Y
aAlBINWIND 'Y

[

000°SY



aeak £q pajaqup ase siutod mecp (6 = 1) Juawadeasa uowjes 9£33008 0
SIUNOD 1AM 32210 UOSIET] PUE SIIRUINSI DIULPUNGR JRUOS JIATY RUIUI L UddMmIdq diysuone[oy] ¢ aandi,

J1LVINILST dVNOS VNLIN3A

000081 000051 000°0Z} 00006 000°09

000°0¢

6600 =d 690 =
LPeoL + (X)peL0=4

18 y

v 08
v8

Ge v
16

1

0

100001
U 000°0Z
1000°0¢
{ 000‘0p

000°0S

INNOD HIdM NOSHVT



TEAIIUT DDUIPIJUOD 0466 dwixosdde oy 1 (UBdW JIOAV) Jeq [RIUOZLI0Y D) JO YIPIA "ordq ISEAIN0S=¢[5[S pue

9SBD oraq YInos=71¢IS 90[no=1 N0 ‘Yoraq Iseoyuou=¢rN 19Jui=N]| ‘Youaq 1sed=¢:] :(¢ nTI,] 935) SMO[[0] S pautjap v
$opod a1y “(dBq [RIUOZLIOY) J1dM 021D uosieT] Yy wody pajdwes ysij ueyy dqews ([0°0 > ) APUBdIJIudis 219Ar SPUNoId
Jurumeds oy wolj pajdwies ysij ‘SaXas y10q 10| “Le6] Ul 9¥L7T UOSIRT Ul seale punold Fuiumeds ul pajod[[od uowjes
0K9)00s J[npe ajew (g) pue a[ewdj (y) paddeiun jo sjuswainseaw (JA) Yi3ua| }10j 03 aka-piw jo sjo[d xog ‘9 2ind1

T=ETI IR EY Y, Qe—

VI3V VIHV

gdS 39S L1NO d3N NI g3 gdS 3d8S L1NO d3N NI a4
T _ I _ _ T _ I _ _ T _

05¢

ooy

oSy

1
l!lllllll]llL

Illlllll

009

lf]ITITIIIII]’IIT]
lllllllllllllllll

059

SN
ks

009

1111|||7‘|—[1

llJ_lll!llllll]

Illl[llll]l

1 ] ] | ] ] ] ]
sale|N 'g sajewad 'y

099

(ww) 43N

40



"(pod3eiun) pouras G4 ¢ ¢ pue 1rom o) e

£S9°[ - sajew {(paddriun) paulds gy pue J1am ) 18 ¢§(°Z - Sojewd) 1a1om sazis ajdwes (100°0 > 159 S-N)
Apueorjiudis pasagyip osje suonnquisip JIN AN () (100°0 > o 9591 S-) Apuearjiudis patagyip ‘Ajjeaiydesd
e[iwis yanoyje ‘suonnquisip JIA ajewa,] (V) “(Suiuos) Aoains punoad Jurumeds pue ojdwies J1om §o010)
uosIe ] 9y uaamiaq ([N Yidua[ FI0J [18) 0) 343-pItu UOWRS A0S JO suonnqlisip jo uostedwon) 7 amndy,|

Aaaing o AI9MA @
(ww) 43N
099 009 099 009 oOosSt OOy 0S¢ 099 009 0S89 005 oOst o0Ov OSE
I T I l ] T I T ] I 0L~ o
- - - .UV} . m
- ] - Q) 10k g
[ }
o B . O ] -
% >
- . - o - 0€ m
I ;L » - 5
| - - = - i
) 05 A
i ] i o ) m
- o 1k o HJor €
® @5 m
" rd OO . 5 .% N Z
i ’ solely | i soeway g O
L guutt¥y 5 5 ] R | \M
i i 1 _ I ! | | I [ O—.—. -~

41



'sisA[eur oy ul pasn a1om ysij padde ||y -paimidesar g pue (patoaodaiun) paide)

211 - sojew ‘pamydesar gz pue (paiaaodaiuny pagde) [0g] - sojewua) :a1am sazis ojdwes (100°0 > 4 1591 S-)
Apuesijiudis paiajyip os[e suonguusip AN eI (€) (L0070 = d 9591 §-3) Apuedyiugis paroyjip ‘Ajjedrydesd
Ie[rwals yanoyyje ‘suonnguisip JqA sewa;f () spunoid Jutumeds ur paamdeddl pue 11om Yoa1D) U0sILT dY) v
podde) ysyy udom1oq (JA) PFud] J10J [1r) 01 dK0-pIl uowijis IL9Y20s Jo suonnquisip jo uostedwo)y g 2indiy

painjdeosay o pabbej o

(ww) 43N
004 009 00s (0]0) 7 00 099 009 09 009 09t oot

0s¢

! 1 ' | ' | ’ ! I I l |

sojewa4

v

1)

ok

0¢

09

0.

06

Okt

(%) ADNINDIYL IALLYTINNND



‘paamydeadt £/ pue (pai1aa0ddiun) podae gpe - sopw pamdesds 91z pue (pasdaooasun) padde) vz -

sa[ewoy atom sazis ojdwes (1000 > 959 §-) Apueoyudis pasajjip os|u suonnqInsip JHN 21BN (£1) (9€0°0
= d 1591 §-3) Apueayiudis pasajip ‘Ajjeatydesd Jufiwis y3noyie Suonnguisip JI Aewa,] (v) sisAeue ay

ur pasn atom gey aydeds e Ajuo yim panty ysi,f spunoid gurumeds ui pamydedal put 11am Yaai) uosie ) v
padde) ysy uaamiaq (JLIN) Yidua] Y10 [1e) 0} 943-piwr uowjus 9K3)00s Jo suonnquysip jo uosuedwoy) 6 2ndi,]

painjdeossay o pabbe] 1ppeybedg o

(ww) 43N
00L 009 00§ 00¥ 00€ 059 009 0SS 005 OSP 00y OSE

_ I T T _ I _ I i I I _ 0L~ o
I . - Il . c
o >
L — - ® — 0¢ u
I | I . | M
| ] - e - M
. 05 7
- . - - m
> s
- | - & dor &
=
i j i ! l w

o - - - 06
@%ﬁ saje| sajewoa <
- T - - 7 %
1 _ i _ 1 _ 1 _ _ _ _ — o—\—\ S

RS Y



« I3 9181 € wodj Fuidued

‘arewinsa 11am ay) uey) (0°0 > ) 1018213 Apuedijiudis [jr a10a sa1ewnsd Y- 2y sesodind aaneiedwod

10} umouys si (z8z‘oy = N) uonendod ay) Jo JUNOI [L10) B U0 Paseq Sem IIym (1eq IYMm) 9JBIIISI J1aA AN,
‘(Jaep pue ‘mel 1omof ‘mel ‘[je) ysij padde) [enp pue ‘ysij Ajuo padder moydeds ‘ysiy padder e 107 uaard e (doy
Q12 U] [EO1IDA) S[RAIDIUL DDUIPHUOD 0466 oewuixordde puw (sivq Aead) sO1ewnssy Y- "L661 UL 119Ax Y2210
uosieT a1} Juissed sajewd) uowjes 9493908 JNpe Jo sajewinsd douepunge (Y-) ddmdesas-yIey ‘gl 2InL|

(.

— buibbe] jenq
JIBpy 3@ mer - mer v ‘Bdg 1K

>

9]

C

Z

O

>

= 5

" - il m
— T —1 0¢€ \w.ﬁ
.mw,., .I_.I @)

i ; — - o
7

o

— — oy 2
L 7

- sajewad ] —

_ _ _ |

0S

44



1Y BIY 9409-7¢ Wwody Furdues QIWNsd J1aAy

ay uey) (S0°0 > ) 191eaid Apueoijugs (B a1am sajewinsa Y- Juiurewal dY L, "9IRWIISS J1am o) wioJ (S0

< ) Apuedyiudis 19jJip jou pip uiddey wep pue mel 1omof woly sajewnsa Y-y ayL, sasodind aaneiedwos

10] umoys st “(z8z 0t = N) uonendod ay) jo JUNOD JRI0) B UO PISBq SeM 1M “(J1q OYITAY) 91BWITISD J1om oy ],
‘(Mep pue ‘mel somol ‘mel ‘[je) ysy padde) [enp pue ‘ysy Kjuo padde moydeds ‘ysiy paddes jje 105 uamd aie (do)
1eq 1€ dUI] [BINIAA) S[BAIDIUT DIUIPIJU0D o6 dprwixoidde pue (sieq Aeif) sajewnsy Y-N “L661 U1 om ¥aa1)
uosie] oY) uissed sajeu uOWEs 949008 JINPE JO sAIRWNSI dourpunqe (Y-JN) aamydeodr-yaey 1| 28l

—— Buibbej jenq ————

I1BM Meqg mer ] mer vy  "Bdg H
y.,J}I o

(spuesnoyl) 3ONVANNGY

1 4

W
A



Jeq 4ord 07 1Xou udAld st 9jrwnsd yuiod ayy ut

10110 Juao1ad YL, IUN0D Ham A unyl (§0°0 > ) 01eaad puestjiudis o1om SRS Y- (810} 91 JO [|V
"sosodund aanreiedwod 10§ UmoyS S “oul] [BIUOZLIOY O} AQ PAIRIIPUL (28T 0F = N) 1UNOD 119Mm [210) d ],
‘(uaep pue ‘mef somo] ‘muf ‘) ysiy paddey jenp pue ‘ysiy Ajuo paddey moydeds ‘ysiy padde) |je 10§ udAId
o1u (1eq Jo doy 1 dUI [ED11IDA) S[BAIIIUI DIUIPIJUOD 04,66 dewixosddr pue sajewnsy Y- "L661 Ul 11om
¥0a17) uosie ay) Juissed uowes 940)00s 3 Npe Jo sABWNSI dourpunge (}Y-W) 2nidedas-yiey g1 2IndL]

buibbe] jeng
Heq  mep ] mep v ‘bdg 1\

AKY
‘;}OUV

I
-
%0¢
708V
ToVL
%29

0
ar

!
o
<t
(spuesnoyl) IDONVYANNGY

06

46



The Alaska Department of Fish and Game administers all programs and activities free
from discrimination on the basis of sex, color, race, national origin, age, marital status,
pregnancy, parentheod, or disability. For information on alternative formats available for
this and other department publications, contact the department ADA Coordinator at
(voice) 907-465-4120, or (TDD) 907-465-3646. Any person who believes s/he has been
discriminated against should write to: ADF&G, P.O. Box 25526, Juneau, AK 99802-5526;
or O.E.O.








